Degradation of 1-Benzyl-1,2,3,4-tetrahydroisoquinolines (Laudanosine) with Ethyl chloroformate: Gedamer's Intermediate by Angerer, S. von et al.
Scientia Pharmaceutics (Sei. Pharm.) 57,1 -6 (1989) 
© Österreichische Apotheker-Verlagsges. m. b. H., Wien. Printed in Austria 
Degradation of 1-Benzyl-1,2,3,4-tetrahydroisoquinolines 
(Laudanosine) with Ethyl chloroformate: 
Gadamer's Intermediate 
S. v o n A n g e r e r , E. E i b l e r , D o n g U n g L e e a n d W. W i e g r e b e * 
Faculty of Chemistry and Pharmacy, University, P. O. Box 397, D-8400 Regensburg 
(Received May 5, 1988; accepted July 1, 1988) 
Gad am er has postulated the a-chlorobisbenzyl derivate 2a as an intermediate of the 
degradation of laudanosine [(-)-1] to the stilbene 3 by ethyl chloroformate. Optically active 2a is 
easily hydrolyzed to the corresponding carbinol 2b. The optical purity of 2b is determined via 
diastereomeric esters. 
Abbau von 1-Benzyl-1,2,3,4-tetrahydroisochinolinen (Laudanosin) mit Chlorameisensäureethyl-
ester: Gadamers Zwischenprodukt 
Als Zwischenprodukt des Chlorameisensäureethylester-Abbaus von Laudanosin [(-)-)1] zum 
Stilben 3 hat G a d a m e r das a-Chlorbisbenzylderivat 2a formuliert. Optisch aktives 2a wird leicht 
zum entsprechenden Carbinol 2b hydrolysiert, dessen optische Reinheit über diastereomere Ester 
bestimmt wird. 
(Keywords: 1-Benzyl-1f2,3,4-tetrahydroisoquinolines, Ethyl chloroformate, Mosher-Esters) 
In 1921 G a d a m e r a n d K o c h 1 r epo r ted u p o n the d e g r a d a t i o n of (-)-
l a u d a n o s i n e [(-)-1] to the s t i l bene 3 w i th ethy l c h l o r o f o r m a t e (ECF) in a b i p h a s i c s y s t e m 
c o n s i s t i n g of E t 2 0 a n d a q u e o u s K O H . A f te r the reac t i on , the E t 2 0 p h a s e w a s s e p a r a t e d 
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a n d f o u n d to b e (+)-rotating. F r o m th is E t 2 0 so lu t i on H C l w a s l ibera ted at r o o m 
t e m p e r a t u r e l ead ing to a s t i l bene „ C 2 1 H 2 6 N 0 4 - C 0 2 C 2 H 5 " ident ica l w i th the mater ia l 
o b t a i n e d f r om r a c e m i c l a u d a n o s i n e (1). T h e s e o b s e r v a t i o n s led G a d a m e r to the 
a s s u m p t i o n of a n in te rmed ia te w h i c h s h o u l d h a v e s t ruc tu re 2a 1 . La te r o n v. 
B r u c h h a u s e n a n d K n a b e 2 f o u n d that s t i l bene 3 h a s t rans con f i gu ra t i on , a s 
i n d i c a t e d in f o r m u l a 3. In ano the r c o n t e x t w e i so la ted r a c e m i c 2a f r om r a c e m i c 
l a u d a n o s i n e (1)3. 
O u r interest in th is p r o b l e m s a r o s e w h e n w e f o u n d that 1 - (2 ' - hyd roxyme thy lbenzy l ) -
1 ,2 ,3 ,4 - te t rahyd ro i soqu ino l i nes ( type A) a re c o n v e r t e d to 3 - p h e n y l i s o c h r o m a n s (type B) 
b y E C F . T h i s reac t i on c o m p r i s e s invers ion at C -1 of A 4 . S o w e r e p e a t e d G a d a m e r ' s 1 
e x p e r i m e n t . 
R - ( - ) - l a u d a n o s i n e [(-)-1] w a s o b t a i n e d f r om r a c e m i c 1 a c c o r d i n g to C a v a 5 a n d h a d 
51 % op t i ca l pur i ty. 1 w a s p r o c e s s e d wi th E C F unde r s t a n d a r d c o n d i t i o n s 2 4 : care fu l 
e v a p o r a t i o n of the o r g a n i c layer l ed to a (+)-rotating c r u d e c rys ta l l ine mater ia l w h i c h w a s 
s e p a r a t e d immed ia te l y b y H P L C (s i l ica 6 0 ; C H 2 C I 2 / E t 2 0 3 : 2 ; F i g . 1), ind ica t ing 8 0 % of 
s t i l bene 3 b e s i d e s 18 % of 2a a n d 2 % of 2b, w h i c h w a s ident i f ied by c o m p a r i s o n wi th 
au then t i c ( racemic) 2b 6 . F D - M S of the c r u d e c r ys ta l s r evea led the m o l e c u l a r i ons of 3 (m/z 
= 429) , 2a (m/z = 4 6 5 a n d m / z = 467) , a n d 2b (m/z = 447) . T h e ch lo rou re than 2a c o u l d , 
h o w e v e r , not b e i so la ted o n a c c o u n t of its labi l i ty. W h e n w e t r ied to s e p a r a t e 2a f r om 3 by 
c o l u m n c h r o m a t o g r a p h y (CC) (s i l ica; CHCl3 /Et 20) 2a w a s c o n v e r t e d to 2c p r o b a b l y b y 
E t O H a d d e d to C H C I 3 a s a s tab i l i zer . T h i s i d e a w a s s u p p o r t e d b y d i s s o l v i n g the c r u d e 
c r y s t a l s in M e O H a f fo rd ing the m e t h o x y u r e t h a n 2d. 
T h e M S of 2d is cha rac te r i s t i c for c o m p o u n d s of t y p e 2. 
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T h e b i s b e n z y l i c b o n d in M + is b r o k e n p r o d u c i n g the i ons at m / z = 3 1 0 a n d m / z = 1 5 1 . 
F r a g m e n t a t i o n p r o c e s s e s of the ion at m / z = 3 1 0 ind ica te that it c o n s i s t s of t w o i s o m e r s . 
M c L a f f e r t y rea r rangemen t l e a d s to m /z = 2 0 7 , whi ls t l o s s of M e O H is eas i l y 
e x p l a i n e d b y a s s u m i n g a c y c l i c s t ruc tu re a n d 1 ,4-e l iminat ion. 
T h e 1 H - N M R - s p e c t r u m of 2c revea ls t w o C 2 H 5 i n c r e m e n t s a n d a tr iplet for the fo rmer 
H-1 at 8 = 4 .70 p p m (J = 6 Hz) ; a tr iplet of ident ica l c h e m i c a l shift is repo r ted for the 
p r o d u c t o b t a i n e d f r om l a u d a n o s i n e (1) w i th B r C N / E t O H 7 . 
2b a n d 2c a re o b t a i n e d a s op t i ca l l y ac t i ve mater ia ls . A ne i ghbou r g r o u p ef fect m a y 
exp la in th is o b s e r v a t i o n . T h e d e g r e e s of op t i ca l pur i ty a n d the a b s o l u t e con f i gu ra t i ons of 
2a, 2b a n d 2c a re u n k n o w n , m o r e o v e r , w e c a n not e x c l u d e the poss ib i l i t y that s t i l bene 3 
is f o r m e d d i rec t ly f r o m a qua te rna ry u re than 3 . 
R a c e m i c 2a h a d b e e n o b t a i n e d f r om 1 a s a very labi le c o l o u r l e s s o i l 3 . Op t i ca l l y ac t i ve 
2a w a s p r o d u c e d a n a l o g o u s l y f r om H o w e v e r , ou r ef for ts to de te rm ine the 
e n a n t i o m e r e x c e s s (ee) in 2a fa i led b e c a u s e it c o l l a p s e s to the s t i l bene very rap id ly . S o 
w e c o n v e r t e d into the ca rb i no l 2b v i a the i n t e rmed iacy of 2a in a o n e - p o t reac t i on by 
t rea tment of (-)-1 b y neat E C F at l ow tempera tu re (y ielding 2a)3 a n d s u b s e q u e n t 
hyd ro l ys i s . W e m a d e th is e x p e r i m e n t b e c a u s e the e e of 2a m u s t b e ^ ee 2b u n d e r 
t h e r m o d y n a m i c a l l y con t ro l l ed c o n d i t i o n s s o permi t t ing a cer ta in c o n c l u s i o n of the op t i ca l 
pur i ty of 2a. A u t h e n t i c (+/-)-2b6 c o u l d not b e r e s o l v e d by c h r o m a t o g r a p h i c m e t h o d s . 
The re fo re , w e t rans fe red it into the c o r r e s p o n d i n g M o s h e r - e s t e r s 2e (equ imo la r 
a m o u n t of reagent!) w h i c h s h o w s e p a r a t e d s ing le ts of the b e n z y l i c O C H 3 - g r o u p (8 = 3 .37 
a n d 3 .67 ppm) a s we l l a s of the N - C H 3 - m o i e t i e s . M o r e o v e r , t h e s e d i a s t e r e o m e r s c o u l d b e 
s e p a r a t e d b y H P L C (Fig. 2). W i th (opt ica l ly act ive) 2b o b t a i n e d f r om (-)-1 (vide supra) the 
s a m e p r o c e d u r e revea led a rat io 4 6 . 5 : 5 3 . 5 (Fig. 2a) of the 2b e n a n t i o m e r s in th is 
expe r imen t . For tuna te ly th is s e p a r a t i o n is not e f fec ted by the s t i l bene 3 ( sp i ked 
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In the c o n t e x t of H P L C s e p a r a t i o n of G a d a m e r ' s reac t ion mix ture (vide supra) 
w e o b s e r v e d a rea r rangemen t of s t i l bene 3 . 3 b e i n g d i s s o l v e d in M e O H , C H 2 C I 2 or E t 2 0 , 
respec t i ve l y , is c o n v e r t e d b y d i f fuse day l igh t to a n oi ly c o m p o u n d 3 ' : W h e n w e t r ied to 
c rys ta l l i ze 3* f r o m M e O H 3 w a s o b t a i n e d . W i thou t an y so lven t , h o w e v e r , 3 ' c r ys ta l l i zed 
s low ly . T h e c o n v e r s i o n of 3 w a s f o l lwed b y H P L C (s i l ica 6 0 ; C H 2 C I 2 / E t 2 0 6 : 4 ; F i g . 3). 
3 ' 
Fig. 3 
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E x c l u s i o n of l ight p reven ts th is t rans fo rma t ion , po in t ing t o w a r d s a t r a n s - c i s -
i somer i za t i on . B y s c a n n i n g of the c o r r e s p o n d i n g p e a k s the U V s p e c t r a of 3 (X m a x = 
3 3 8 nm) a n d 3 ' (A. m a x = 2 9 0 nm) w e r e m e a s u r e d . T h e 1 H - N M R s p e c t r u m of 3 ' at 0 ° C 
s h o w s t w o s ing le t s for the N - C H 3 - g r o u p d u e to h i nde red rotat ion. A t 2 5 ° C t h e s e 
s i g n a l s c o l l a p s e . A s imi la r p h o t o i s o m e r i z a t i o n w a s o b s e r v e d by B a 11 e r s b y 8 w i th 
3 ,3 ' , 4 ,4 ' - t e t r ame thoxys t i l bene a n d wi th the s t i l bene resu l t ing f rom H o f m a n n -
d e g r a d a t i o n of 18. 
Experimental 
G e n e r a l r e m a r k s a n d d e v i c e s : lit. 3- 4. 
E C F - D e g r a d a t i o n of (-)-1 to t r a n s - 2 - 0 3 - N - E t h o x y c a r b o n y l - N - m e t h y l a m i n o e t h y l ) -
3 ' , 4 ,4 ' , 5 - t e t r ame thoxys t i l bene (3), 1 - [ 2 - 0 8 - N - E t h o x y c a r b o n y l - N - m e t h y l a m i n o e t h y l ) - 4 , 5 -
d ime thoxypheny l ] - 2 - (3 ,4 -d ime thoxypheny l )e thano l (2b), ( - ) -2 - (3 ,4 -D imethoxypheny l ) -
1 -e thoxy -1 - [ 2 -08 -N -e thoxyca rbony l -N -me thy l am inoe thy l ) - 4 , 5 -d ime thoxypheny l ] - e t han 
((-)-2c) a n d 2 - (3 ,4 -D imethoxypheny l ) -1 -[1 -OS-N-e tho x y c a r bony l - N - me thy l am i noe thy l ) -
4 ,5 -d ime thoxypheny l ] -1 - m e t h o x y e t h a n (2d). 
H -1 (HD° = - 5 1 °; [EtOH]) (1.78 g , 5 mmol ) w a s d i s s o l v e d in C H C I 3 (15 ml) a n d e ther 
(15 ml). 15 % K O H (15 ml) a n d E C F (3 ml) w e r e a d d e d a n d the mix tu re w a s s h a k e n for 2 h. 
T h e so lu t i on w a s d i lu ted wi th wa te r a n d e x t r a c t e d wi th C H C I 3 . T h e o r g a n i c layer w a s 
d r i ed ( N a 2 S 0 4 ) a n d e v a p o r a t e d . T h e resu l t ing c r u d e c rys ta l s h a d a pos i t i ve va lue of 
ro ta t ion . 
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a) F o r ident i f i ca t ion of 2b (2 %) s e e Theo re t i ca l Par t a n d b e l o w . 
b) O n e par t of t he c r u d e c r ys ta l s w e r e w a s h e d w i th e ther a n d rec rys ta l l i zed f r om 
E t O H to g i ve 3 1 . T h e e ther so lu t i on w a s e v a p o r a t e d a n d the resu l t ing c r ys ta l s w e r e 
pur i f ied b y C C (s i l ica: C H C I s / e t h e r 1:1) to g ive a s m a l l quant i ty of (-)-2c: c o l o r l e s s 
c r y s t a l s , m p . 6 9 - 7 1 ° C . - [<*]§> = - 2 3 ° (ch loroform). - C 2 6 H 3 7 N 0 7 (475.6). 
IR (KBr) : 1 6 9 5 c m " 1 (CO) . 
M S : m / z = 4 2 5 (6 %) , 3 2 4 (100), 3 1 0 (19), 2 7 8 (65, *238.53) , 2 5 0 (19, *224.82) , 221 (10, 
*150.74) , 2 0 6 (19), 2 0 4 (35), 151 (35). 
U V ( M e O H ) : X m a x . ( log e) = 2 3 4 (4.19), 2 8 3 n m (3.81). 
1 H - N M R : 8 (ppm) = 1.18 (t, J = 7 H z , 3 H , - C H 2 - C H 3 ) , 1.23 (t, J = 7 H z , 3 H , - C H 2 - C H 3 ) , 
2 . 5 3 - 3 . 9 3 (m, 8 H , - C H 2 - , - C H 2 - C H 3 ) , 2 . 83 (s, 3 H , - N C H 3 ) , 3 .77 (s, 3 H , - O C H 3 ) , 3 .85 (s, 3 H , 
- O C H 3 ) , 3 . 88 (s, 6 H , - O C H 3 ) , 4 . 10 (q, J = 7 H z , 2 H , - C H 2 - C H 3 ) , 4 . 70 (t, J = 6 H z , 1 H , - O -
C H - ) , 6 .58 (s, 1 H , Ar) , 6 .68 (s, 1 H , Ar) , 6 .73 (s, 2 H , Ar) , 7 .03 (s, 1 H , Ar) . 
c) A n o t h e r part o f the c r u d e c r y s t a l s w a s s t i r red w i th M e O H . T h e o r g a n i c layer w a s 
e v a p o r a t e d a n d the p r o d u c t w a s i so la ted b y p repara t i ve H P L C ( R P 18; M e O H / w a t e r 
3 : 1 ) : 2d; c o l o r l e s s o i l . C 2 5 H 3 5 N 0 7 (461.6). 
M S : m / z = 461 ( M + , 1 %) , 3 1 0 (100), 2 7 8 (54, * 249 .30) , 2 5 0 , (15, *224.82) , 2 0 7 (7), 2 0 6 
(11), 2 0 4 ( 2 2 ) , 151 (13). 
cis-2-(ß'N-Ethoxycarbonyl'N-methylaminoethyl)-3\4A\5-^ (3') 
3 w a s d i s s o l v e d in M e O H a n d s t i r red for 8 d at day l igh t . T h e so l ven t w a s e v a p o r a t e d : 
c o l o r l e s s c r y s t a l s of 3', m p . 7 9 - 8 0 ° C (c rude p roduc t ) . 
U V ( M e O H ) : X m a x . ( log. e) = 2 9 0 n m (3.71). 
1 H - N M R (90 M H z , 0 °C) : 8 (ppm) = 1.25 (t, J = 7.0 H z , 3 H , - C H 2 - C H 3 ) , 2 .82 a n d 2 .88 
(2s, 3 H , - N C H 3 ) , 3 . 1 0 - 3 . 5 6 (m, 4 H , - C H 2 - ) , 3 .58 , 3 .66 , 3 .85 , 3 .90 (4s, 1 2 H , 4 x - O C H 3 ) , 
4.11 (q, J = 7.0 H z , 2 H , - C H 2 - C H 3 ) , 6 . 5 6 - 6 . 7 5 (m, 7 H , A r a n d o le f in ic H). 
(+)-1-[2-(ß-N-Ethoxycarbonyl-N-methylaminoethyl)-4& 
dimethoxyphenyl)ethanol [(+)-2b] 
1.1 g (3 mmo l ) of ( - ) - l audanos ine [(-)-1] (80 % ee 5 ) in 2 0 ml of a c e t o n e , 10 m l of w a t e r 
a n d 1 m l of E O F w e r e s t i r red for 5 h at r o o m tempera tu re . A f te r evapo ra t i on u n d e r 
r e d u c e d p r e s s u r e the C H C I 3 - e x t r a c t c o n t a i n s t w o ma in p r o d u c t s (3 a n d 2b) w h i c h w e r e 
s e p a r a t e d b y C C (s i l ica; C H C I a / E t g O 1:1): 0 .5 g ( 4 0 % ) 2b, m p . 1 1 3 . 5 - 1 1 4 . 5 ° C , lit.6: 
1 1 2 ° C , [a]$> = + 1 ° ( c = 1, M e O H ) . 
C 2 4 H 3 3 N 0 7 (447.6) C a l c d . C 6 4 . 4 H 7 .43 
F o u n d C 6 4 . 5 H 7.44 
IR: 3 4 5 0 (b road , O H ) , 1 7 0 0 c m 1 (CO) . 
M S (70 eV) : m / z - 4 4 7 ( M + , < 1 % (M - H 2 0 , 52), 3 2 6 (429 - H 3 C - N = C ( O H ) O E t , 
M c L a f f e r t y, 51), 3 1 3 (429 - - H 2 C - N ( C H 3 ) - C O O E t , 35), 2 9 6 (b i sbenzy l i c c l e a v a g e , 94), 
2 2 2 (100), 1 9 3 ( 2 9 6 - C H 3 - N = C ( O H ) O E t , M c L a f f e r t y, 30), 175 (18), 165 (41), 152 (99), 
151 (b i sbenzy l i c c l e a v a g e , 50), 116 (43). 
U V : X m a x . ( log e) = 2 7 9 (3.80) a n d 2 0 2 n m (4.79). 
1 H - N M R : 1.17 (t, J = 7.5 H z , 3 H , - C H 2 - C H 3 ) , 2 . 5 3 - 3 . 6 0 (m, 3 x - C H 2 - ) , 2 .83 (s, 3 H , 
- N C H 3 ) , 3 . 7 8 , 3 . 8 2 , 3 . 8 3 , 3 . 8 7 (4 x s ; 1 2 H , 4 x - O C H 3 ) , 4 . 0 3 (q, J = 7.5 H z , 2 H , - C H 2 - C H 3 ) , 
5 .13 (t, J = 6 H z , 1 H , me th ine -H) , 6 .53 (s, 1 H , Ar) , 6 . 6 3 - 6 . 8 3 (m, 3 H , Ar) , 7 .07 (s, 1 H , Ar) . 
6 S. v o n A n g e r e r et al.: Degradation of 1 -Benzyl-1,2,3,4-tetrahydroisoquinlines 
Diastereomeric 1-[2-(ß-N-Ethoxycarbonyl-N-methylaminoe^ 
2-(3,4-dimethoxyphenyl)ethyl (S)-(-)-[a-methoxy-a-(trifluoromethylfl (2e 
a n d 2e') 
1 g (0.43 mmol ) S - ( - ) -a -methoxy -a - ( t r i f l uo romethy l )pheny lace t i c a c i d (M o s h e r 
a c i d ; A l d r i c h C h e m . Co . ) w a s c o n v e r t e d to its a c i d ch l o r i de 9 . T h i s ch lo r i de w a s d i s s o l v e d 
in 10 m l of C H 2 C I 2 a n d a f e w d r o p s of py r id ine a n d r e a c t e d w i th a n e q u i m o l a r a m o u n t of 
op t i ca l l y ac t i ve 2b (192 mg) for 3 h at r o o m tempera tu re ; the d i a s t e r e o m e r s of 2e, w h i c h 
w e r e pur i f ied (not sepa ra ted ) b y C C (s i l ica; C H C l 3 / E t 2 0 1:1) w e r e o b t a i n e d a s c o l o r l e s s 
s o l i d , m p . 1 2 6 - 1 2 8 ° C , [a]ff = - 8 5 ° (c = 1, E t O H ) . 
IR: 1 7 4 0 (ester), 1 6 9 5 c m 1 (urethan). 
F A B - M S : m / z = 6 6 3 ( M + , 13 %) , 5 1 2 (12), 4 3 0 (100), 4 2 9 (31), 3 8 4 (21), 3 2 7 (71), 3 1 3 
(32), 2 7 8 (49), 2 2 2 (16). 
U V : X m a x . ( log e) = 2 8 0 (2.82), 2 3 3 (3.27) a n d 2 1 0 n m (3.60). 
1 H - N M R : 8 (ppm) = 1.23 (t, J = 7 H z , - C H 2 - C H 3 ) , 2 . 6 0 - 3 . 6 0 (m, 7 H , 3 x - C H 2 - a n d 
me th ine -H) , 2 .87 a n d 2 .90 (3 x s , 3 H , - N C H 3 ) , 3 .37 a n d 3 .67 (2 x s , 3 H , H 3 C O - C * - C F 3 ) , 
3 .77 (s, 3 H , - O C H 3 ) , 3 .87 (s, 3 H , - O C H 3 ) , 3 .90 (s, 6 H , 2 x - O C H 3 ) , 4 . 13 (q, J = 7 H z , 2 H , 
- C H 2 - C H 3 ) , 6 . 3 0 - 7 . 4 7 (m, 1 0 H , Ar) . 
Separation of 2e-diastereomers by preparative HPLC 
P h a s e : Hype rs i l ( S h a n d o n), 3 0 0 x 4 m m , r o o m tempe ra tu re - E l u e n s : C H 2 C I 2 / 
C H 3 C N 9 5 : 5 , f low: 2 m l / m i n , p r e s s u r e : 2 4 5 bar . - M a n i f o l d : H e w l e t t - P a c k a r d 1084 , 
d e t e c t i o n : U V H P , c o n s t a n t w a v e leng th . 
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